).
Minicolumns
There is important evidence of abnormal minicolumnar structure [13, 15] in frontal, temporal, and anterior cingulate cortices.
Minicolumns are basic units of cortical information processing, developing and specializing in response to inputs from the environment [14] . The minicolumnar volumes of ASD patients are reduced, but the cell number per minicolumn seems to be normal [14] . This might be explained by a too fast and precocious minicolumnar formation, leaving a shorter time-window for experience-dependent inputs to influence the development of pyramidal neurons of origin of long-distance connections and of their dendritic arbors [9] . Also, an underdevelopment of inhibitory neurons, such as chandelier and basket cells, has been reported, important for isolating specific information processed by a single minicolumn [9] . Lack of inhibition of this kind could lead to hyperactivation of neighboring minicolumns resulting in hyperstimulation by simple outside stimuli which would normally activate one or a small group of minicolumns. On the clinical level this would result in weakened awareness of surrounding context and hyperexcitation by seemingly minor external influences, both often reported as a feature of autism. [15] reported an excess of minicolumns, packed closer together. These findings implicate founder cell divisions responsible for the process of cortical expansion during encephalization [16] , placing the time of neurodevelopmental disruption responsible for autism as early as embryonic day 40 [17] .
Conversely, Casanova et al. in 2006

The integrative brain regions
Autism is a disorder primarily affecting highorder integration processes, such as complex social interactions, associative thinking, and appropriate emotional reactions. This has led researchers to focus on brain regions associated with these functions: the frontal and temporal cortex, anterior cingulate cortex (ACC), fusiform gyrus (FG), the amygdala, and the cerebellum.
The frontal cortex
The frontal cortex, specifically its dorsolateral and medial parts, grows disproportionally larger than the rest of the cortex [6] in the first years of life. Afterwards, from 2 to 9 years of age, this portion of the cortex shows an enlargement of only 10% in autistic children opposed to 48% volume increase in the control group [6] . This time coincides precisely with the development of dendritic arbors of pyramidal neurons in layer III, their complex synaptogenesis and the process of myelination [9] . For comparison, there is no evidence of disrupted microarchitecture in the visual cortex, a portion of the brain that finishes development at a dramatic speed in the first months of life [9] , leading to a conclusion 
Superior temporal and inferior frontal gyri
Investigations of impaired language processing, one of the core deficits of autistic children, have led to several important discoveries. Normally, language processing is a function lateralized to the left hemisphere, involving perisylvian [20, 22] .
Toddlers with autism exhibited significantly weaker interhemispheric synchronization (i.e.
weak "functional connectivity" across the two hemispheres) in putative language areas; the abnormal right-lateralized language processing was found to be present at as early as 14 months of age [21] . The discovery raises hope that this invariable early characteristic could permit early identification of infants at risk and perhaps be used as a first neurologic functional biomarker for early diagnosing of ASD [20] .
The precise substrate for the inverse lateralization of language processing is yet unproven, and it is unclear whether this "wrong-sided" specialization impedes normal language acquirement or is a consequence of an unknown factor preventing development of the left-side lateralization of language. Also, it is possible that the impaired learning of social skills, another core feature of autism, is a result of superseding of the centers for shared attention and gestures, normally centered at the right perisylvian regions [20, 22] . Future research, focused on sleep fMRI, will hopefully be able to explain the etiology of these findings. found in the ASD group. In the same study, a "limit" hypoactivation of the FG was found in reaction to face recognition [24] . In differently arranged testing by Pierce and Redcay (2008), hypoactivation of the FG was found only in response to unknown faces, while presenting of familiar faces triggered normal FG activity [25] . This interesting finding has led Pierce to form "the threshold theory" suggesting that ASD patients dispose of normal task-activated networks, but need additional stimuli to activate them [20] .
The results of cytoarchitectural research of the FG are also ambiguous. A study, using a rigorous stereologic design, reported reduction in the mean neuron density and mean neuron number, as well as decreased pyramidal cell volumes in layers III and V of FG [26] , while others, using a non-stereologic and less systematic approach did not find such changes in this region [27] .
Anterior cingulate cortex
The study of ritualistic behavior and impaired social restriction in autism has led researchers to focus on the ACC, a part of the limbic system known for its role in response inhibition tasks, exact delineation between the perception of self and others and error detection [28] .
A hypoactivation of the ACC was repeatedly found across task-related fMRI studies such as making judgments about self and others [29] , controlling the urge to look towards a suddenly appearing stimulus [30] , identifying a wrong letter in an alphabet stream [31] and reacting to unexpected auditory stimuli [32] . Morphological research has also shown substantial aberrations in gray [33] and white matter [34] .
ACC is one of the major localizations of von Economo neurons (VEN) in the human brain [35] [36] [37] . VENs, or spindle neurons, are large bipolar neurons hypothesized to play a particular role in regulating self-awareness, empathy and understanding of social context, and as such have been implicated in autism pathophysiology [37] . A decreased quantity of VENs has been reported in other disorders affecting emotional conduct and social integration such as frontotemporal dementia [38, 39] , agenesis of the corpus callosum [40] , and early onset schizophrenia [41] .
There have been several studies of VENs in autism, and conflicting results have been found. Conversely, an elevated VEN to pyramidal neuron ratio, and an almost significantly higher VEN number was found. Due to a very small number of studied patients, further research will be needed to support these findings.
To explicate these counterintuitive results, the authors developed an original outlook processing [29, 43] . This new interpretation of autism symptoms will perhaps alter the course in autism research.
Amygdala
The amygdala plays an important role in the mediation of social behavior such as, among others, facial and emotional recognition, enhancement of memory for emotionally significant events, predicting reward values [44] , and as such has been one of the structures thoroughly studied in autism.
In autistic patients, volumetric analyses
show amygdala enlargement as early as age 2, followed by a cessation of growth not proportional, however, to the overall cerebral volume changes [45, 46] . Schumann et al. 
Cerebellum
There has been much research on the cerebellum in autistic patients. Even though the ASD patients do not present typical motor signs of cerebellar dysfunction, knowing that the cerebellum is also involved in cognitive functions, such as language, imitation, attention, and mental imagery [53] has led researchers to designate the cerebellum as an area of interest in autistic patients. Most of the volumetric findings report an augmented size of the cerebellum proportionate to the overall brain volume [50] . The size of the vermis has been reported both as larger and as smaller than normal [54, 55] which could be due to the heterogeneity of ASD [56] . In addition, numerous questions have been raised about the method of volumetric measurement of the cerebellar vermis [50] , which has been suspected to be subjective and imprecise [57] . 
White matter
Studies of cerebral white matter in ASD patients report changes in organization, maturation rate, and structural integrity [12, [58] [59] [60] . Some of these studies use the technology of diffusion tensor imaging (DTI), a MRI technique that enables the measurement of the restricted diffusion of water in tissue in order to produce neural tract images.
To assess the fiber density, axonal diameter and 
NEUROCHEMICAL FINDINGS
In a search for a specific and sensitive biomarker of autism, a great quantity An additional parent-of-origin specific region, the 15q12 was found to have significant association with autism susceptibility [69] . with receptor type and localization [72] . Also, a reduced GABRB density was found in ACC and FG [73] , areas known for morphological alterations in autism [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] 42] .
Glutamate decarboxylase (GAD), an enzyme that metabolizes glutamate into GABA, was also found to be significantly reduced in the parietal cortex and cerebellum of ASD patients Although only high-functioning patients were used in the study, no IQ correlation was noted,
implicating that this finding can be generalized to the whole ASD population [75] . and FMR1 [72, [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] (See Table 1 ).
Serotonin
Serotonin (5HT) dysregulation has been mentioned as a possible etiology of autism, based on consistent findings of higher than normal blood levels of 5HT [89] . Hyperserotonemia has been reported in about a third of all the autistic patients, but a correlation between severity of clinical presentation and levels of 5HT has not been established. The elevated blood levels of autistic patients seem to be age-independent, while normally developing children show a progressive decrease in 5HT blood levels [89] .
The increased concentration of 5HT is also found in parents and siblings of ASD patients with hyperserotonemia [89, 90] . Some findings report a negative influence of high 5HT levels on language learning [91] and self-injuring behavior [92] as well as IQ levels [89] . Symptoms of autism comorbidities such as depression, irritability and obsessive-compulsive disorder have been shown to improve with selective 5HT reuptake inhibitors (SSRI) therapy [68] .
5HT plays an important role in early brain development when serving as a growth factor and regulating proliferation and maturation, both key events known to be disrupted in autism, which makes it a possible primary defect in ASD etiology [68] .
Dopamine
Research on dopamine in autism was motivated 
